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(57) A method of splicing optical fibers having differ- 
ent mode field diameters (MFDs), (D1) and (D2), is pro- 
vided to reduce the splicing loss. In a pre-fusion heating 
step, the MFD at an end face of the optical fiber (1 ) hav- 
ing larger MFD is enlarged by heating a portion including 
the end face thereof so as to diffuse a dopant. After the 
pre-fusion heating step, fusion-splicing of the first (1) 
and the second (2) optical fibars is performed. Thereaf- 
ter, during a post-fusion heating step, the dopant is fur- 
ther diffused by heating a portion (3) including the fu- 
sion-spliced parts of the two optical fibers. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method of 
connecting, by fusion-splicing, two optical fibers having 
different mode field diameter (hereinafter, referred to as 
MFD) from each other, and also to an optical transmis- 
sion line using the two optical fibers thus spliced togeth- 
er. 

Description of the Background Art 

[0002] A dispersion-compensating fiber has been 
used to compensate chromatic dispersion of an optical 
transmission line comprising optical fibers. An optical 
amplifier having an optical fiber whose optical 
waveguide region is doped with a rare earth element has 
been used to compensate loss in the optical transmis- 
sion line. In such cases, two optical fibers having differ- 
ent MFD have had to be connected together. Two con- 
necting methods have been known, namely, a method 
of using a connectorand fusion-splicing, the latter caus- 
ing small connecting loss. 

[0003] To connect two optical fibers by fusion-splicing, 
the coating on each optical fiber is removed at the ad- 
jacent end thereof, then the adjacent end faces of the 
two optical fibers are butted together, and the end faces 
are softened and fusion-spliced by heating with an arc 
discharge or the like. When the MFDs of the two fibers 
are equal to each other at the fusion-splicing portions, 
the splicing loss is small. When the MFDs are different, 
the larger is the difference in diameters, the larger be^ 
comes the splicing loss. 

[0004] An optical fiber splicing method has been dis- 
closed in Japanese Patent Application Laid Open No. 
04-118607, which is intended to reduce the splicing loss 
when two optical fibers having different MFDs has been 
fusion-spliced. Two optical fibers are referred to as a first 
optical fiber having a larger MFD and a second optical 
fiber having a smaller MFD, respectively. 
[0005] According to this splicing method, the MFD of 
the second optical fiber Is enlarged by heating a portion 45 
including the adjacent end face thereof and by diffusing 
a dopant therein, and then the first and second optical 
fibers are fusion-spliced. Thus, the difference between 
the MFDs of the first and the second optical fibers can 
be reduced at the f usion-splicing portion, thereby lead- so 
ing to a reduction in the splicing loss. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 55 
vide an optical fiber splicing method for reducing splicing 
loss of a first optical fiber and a second optical fiber 
whose MFDs are different from each other, and an op- 



tical transmission line comprising such fibers. 
[0007] In orderto achieve this object, a method of con- 
necting optical fibers by fusion-splicing is provided in 
which a first optical fiber having a first MFD and a second 
optical fiber having a second MFD smaller than the first 
MFD are connected together by fusion-splicing. The 
method comprises a pre-fusion heating step of heating 
a portion including the adjacent end face of the first op- 
tical fiber so as to diffuse a dopant, and a fusion-splicing 
step of connecting the first and the second optical fibers. 
[0008] In one embodiment, the method further com- 
prises a post-fusion heating step of heating a portion 
including the fusion-spliced part between the first and 
the second optical fibers after the fusion-splicing step. 
The dopant may be diffused until the MFD 2W, defined 
by Petermann I at the adjacent end face of the first op- 
tical fiber is enlarged by at least 1 urn during pre-fusion 
heating step: MFD 2W t can be obtained by the following 
formula: 
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, where E (r) represents the distribution of the 
LP01 mode. 

[0009] Pursuant to another aspect of the present in- 
vention, an optical transmission line is provided in which 
a first optical fiber having a first MFD and a second op- 
ticalfiber having a second MFD smaller than the first 
MFD are connected together by fusion-splicing with the 
above-described method. 

[0010] The above and further object and novel fea- 
tures of the invention will be more fully clarified from the 
following detailed description when the same is read in 
connection with the accompanying drawings. It is to be 
expressly understood, however, that the drawings are 
for the purpose of illustrating only and are not intended 
as a definition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] In order to more fully understand the drawings 
used in the detailed description of the present invention, 
a brief description of each drawing is provided: 

Figure 1 is an illustration of a method of splicing op- 
tical fibers according to an embodiment of the 
present invention; 

Figure 2 is an illustration of the refractive index pro- 
file of a first optical fiber (Optical Fiber 1 ); 
Figure 3 is an illustration of the refractive index pro- 
file of a second optical fiber (Optical Fiber 2); 
Figures 4A is a graph showing variation of MFDs at 
the adjacent end faces of the Optical Fiber 1 and 2 
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and Figure 4B showing a change of splicing loss, 
respectively, versus heating lime, with the method 
of splicing optical fibers according to an embodi- 
ment of the present invention; 
Figure 5A is a graph showing variation of MFDs at 5 
the adjacent end faces of the Optical Fiber 1 and 2 
and Figure 5B showing a change of splicing loss, 
respectively, versus heating time, with the method 
of splicing optical fibers similar to the embodiment 
of the present invention, but without a pre-fusion 
heating step; and 

Figure 6 shows an optical transmission line as an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] In the following, preferred embodiments of the 
present Invention will be described in detail with refer- 
ence to the accompanying drawings. To facilitate the 
comprehension of the explanation, the same reference 
numerals denote the same parts, where possible, 
throughout the drawings, and a repeated explanation 
will be omitted. The dimensions in the drawings are part- 
ly exaggerated and do not always correspond to actual 
ratios of the dimensions. 

[001 3] Referring to Fig. 1 , an embodiment of a method 
for splicing optical fibers according to the present inven- 
tion will be described. At first, a first optical fiber (Optical 
Fiber 1) and a second optical fiber (Optical Fiber 2) are 
prepared. The MFD D 2 of the Optical Fiber 2 is smaller 
than the MFD D., of the Optical Fiber 1 in the range of 
operating wavelength, e.g., at the wavelength of 1.55 
um Then, coatings of the Optical Fiber 1 and 2 are re- 
moved at the adjacent end thereof to be fusion spliced, 
and a glass 4 and a glass 5 are exposed. The pair of 
lines drawn inside each optical fiber in the figure indi- 
cates the MFD at each position along the longitudinal 
direction of each optical fiber. 
[0014] Optical Fiber 1 is, e.g., a typical single mode 
optical fiber having zero dispersion wave-length around 
1 .3 ujn and about 17 ps/nm/km at 1 .55 urn The MFD 
D 1 is about 10 ujti at the wavelength of 1 .55 um. The 
Optical Fiber 1 has a step index profile doped with ger- 
mania (Ge0 2 ) in a region including the optical axis. 
[0015] On the other hand, the Optical Fiber 2 is, e.g., 
a dispersion-compensating optical fiber having a chro- 
matic dispersion value ranging from about -20 to -250 
ps/nm/km at the wavelength of 1 .55 urn. The MFD D 2 is 
in the order of several micrometers at the wavelength of 
1.55 iim. 

[0016] The Optical Fiber 2 has a more complicated 
refractive index profile than the Optical Fiber 1 . The Op- 
tical Fiber 2 is doped with an appropriate amount of, for 
example, Ge0 2 orfluorine (F) in a predetermined region 
thereof so as to increase or decrease, respectively, the 
refractive index thereof. 

[0017] In the pre-fusion heating step, the MFD at the 
adjacent end of the Optical Fiber 1 , which is larger than 



that of the Optical Fiber 2, is enlarged by heating a por- 
tion including the adjacent end so as to diffuse the do- 
pant (Ge0 2 and F). The MFD at the adjacent end face 
of the Optical Fiber 1 , as defined by Petermann I, is pref- 
erably enlarged by at least 1 um. A burner flame, an arc 
discharge to be generated by a pair of opposing elec- 
trodes flanking the Optical Fiber 1, and a high-power 
C0 2 laser beam can be used as a heating source in the 
pre-fusion heating step. The heating temperature in this 
step is determined such that the dopant contained in the 
Optical Fiber 1 can be diffused, but this fiber itself is not 
softened. 

[0018] A fusion-splicing step is performed after the 
pre-fusion heating step. In the fusion-splicing step, the 
Optical Fiber 1 and 2 are connected together by fusion- 
splicing. More specifically, the adjacent end faces of the 
Optical Fiber 1 and 2 are butted together, and then the 
portion including the adjacent end faces is heated and 
softened by an arc discharge generated by a pair of op- 
posing electrodes flanking the butted end faces, thereby 
fusion-splicing of the two optical fibers can be per- 
formed. In the ordinary fusion-splicing step, there is little 
variation in the MFD of the Optical Fiber 1 , substantially 
keeping the diameter as enlarged in the pre-fusion heat- 
ing step. There is also little variation in the MFD of the 
Optical Fiber 2 in this fusion-splicing step. 
[0019] A post-fusion heating step is performed after 
the fusion-spiicing step. In this step, the dopant is dif- 
fused by heating a portion including the fusion-spliced 
part 3 between the Optical Fiber 1 and 2. The MFD at 
the adjacent end face of the Optical Fiber 2, having been 
initially small, enlarges rapidly during the post-fusion 
heating step, becomes larger than that of the adjacent 
end face of the Optical Fiber 1 , reaches peak after a 
period of time, and subsequently becomes smaller and 
closer to that of the adjacent end face of the Optical Fib- 
er 1 . The MFD at the adjacent end face of the Optical 
Fiber 2 is accordingly adjusted so as to reduce the dif- 
ference between the MFDs at the fusion-spliced part 3 
of the two fibers. Thus, the splicing loss gradually de- 
creases as the MFD at the-adjacent-end-face of the Op- 
tical Fiber 2 decreases as time passes. The same heat- 
ing source as in the pre-fusion heating step can be used 
as a heating source in the post-fusion heating step. The 
heating temperature for this process is determined such 
that the dopant having been added both optical fibers 
can be diffused, but neither of the optical fibers are sof- 
tened. 

[0020] Figure 6 shows an optical transmission line 6 
comprising Optical Fiber 1 and 2 connected together in 
accordance with the method as described above. The 
fusion splicing loss of the fusion-spliced part 3 can be 
reduced to 0.2 dB or less. The optical transmission line 
6 is provided between a transmitter 7 and a receiver 8. 
[0021] The embodiment will now be described more 
in detail. A single mode optical fiber 21 having the re- 
fractive index profile shown in Fig. 2 is prepared here as 
the Optical Fiber 1 . The optical fiber21 comprises a core 
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region 22 having a high refractive index and including 
the optical axis, and a cladding region 23 having a low 
refractive index and surrounding the core region 22. 
Both regions together form a simple step index profile. 
The outer diameter of the core region 22 is 8.2 urn and 
the outer diameter of the cladding region 23, i.e., the 
outer diameter of the fiber is 125 u.m. The relative re- 
fractive index difference of the core region 22 is 0.34% 
compared to that of the cladding region 23. At the wave- 
length of 1 .55 urn, the optical fiber 21 has a chromatic 
dispersion of 1 7 ps/nm/km, a dispersion slope of 0.057 
ps/nm 2 /km, a MFD of 10.7 ujn defined by Peter- 
mann I, a MFD 2W 2 of 10.3 urn defined by Petermann 
II, and an effective core area of 80 u.m 2 . The MFD 2W 2 
can be obtained by the following formula: 



ft 



^.fr d r 



, where E (r) represents the distribution of the LP01 
mode. 

[0022] On the other hand, a dispersion compensating 
optical fiber 31 having the refractive index profile shown 
in Fig. 3 is prepared as the Optical Fiber 2. The optical 
fiber31 comprises a core region 32 including the optical 
axis, a trench region 33 surrounding the core region 32, 
a ridge region 34 surrounding the trench region 33, and 
a cladding region 35 surrounding the ridge region 34. 
which together form the refractive index profile. 
[0023] The outer diameters of the core region 32, the 
trench region 33, and the ridge region 34 are 4 p, 10 
jan, and 1 7 urn, respectively. The outer diameter of the 
cladding region 35, i.e., the outer diameter of the fiber, 
is 125 urn. The relative refractive index differences of 
the core region 32, the trench region 33, and the ridge 
region 34 are 1 .6%, -0.5%, and 0,2%, respectively, com- 
pared to that of the cladding region 35. At the wave- 
length of 1 .55u/n, the second optical fiber 31 has a chro- 
matic dispersion of -96 ps/nm/km, a dispersion slope of 
-0.75 ps/nm 2 /km, an MFD 2Wj of 7.7 urn defined by Pe- 
termann I, an MFD 2W 2 of 4.9 \xrr\ defined by Petermann 
II, and an effective core area of 19 nm 2 
[0024] During the pre-fusion heating step in this em- 
bodiment, the MFD 2W 1 at the adjacent end face of the 
optical fiber 21 is enlarged from 10.7 fim to 14.9 jim, the 
MFD 2W 2 from 10.3 urn to 13.2 urn, and the effective 
core area from 80 \xm 2 to 131 urn 2 . 
[0025] Figs. 4A and 4B show variation of MFDs de- 
fined by Petermann I at the adjacent end faces of the 
Optical fiber 1 and 2 and splicing loss, respectively as 
heating time passes as shown in the axis of abscissas 
during the post-fusion heating step. 
[0026] As shown in Fig. 4A, the M FD at the adjacent 
end face of the Optical Fiber 1 varies little as time pass- 
es, substantially keeping the diameter as enlarged dur- 



ing the pre-fusion heating step. On the other hand, the 
MFD at the adjacent end face of Optical Fiber 2 : initially 
having been smaller, becomes rapidly larger than that 
at the adjacent end face of the Optical Fiber 1 . reaches 
5 a peak after a period of time, and subsequently be- 
comes smaller and closer to that at the adjacent end 
face of the Optical Fiber 1 . As shown in Fig. 4B, as the 
MFD at the adjacent end face of the Optical Fiber 2 var- 
ies as time passes, the splicing loss decreases from 
10 about 1 .7 dB to about 0.08 dB after 450 seconds, and 
thereafter remaines as low as this value. 
[0027] The embodiment as above-mentioned is the 
case preparing the post-fusion heating step after fusion- 
splicing step, however, if in fusion-splicing step dopant 
'5 can be diffused sufficiently so that MFD of the two fibers 
may become close to each other, such post-fusion heat- 
ing step does not necessarily needed. 
[0028] Figures 5A and 5B show variation of the MFDs 
defined by Petermann I at the adjacent end faces of the 
20 Optical Fiber 1 and 2 and the splicing loss, respectively 
as heating time passes with the method of splicing two 
optical fibers similar to the above mentioned embodi- 
ment, but without the pre-fusion heating step as shown 
in the axis of abscissas during the post-fusion heatinq 
25 step. 

[0029] As shown in Fig. 5A, the MFD at the adjacent 
end face of the Optical Fiber 1 varies little as time pass- 
es, substantially keeping the initial diameter. On the oth- 
er hand, the MFD at the adjacent end face of the Optical 

30 Fiber 2. initially having been smaller, becomes rapidly 
larger than that at the adjacent end face of the Optical 
Fiber 1 , reaches a peak after a period of time, and sub- 
sequently becomes smaller. The MFD at the adjacent 
end face of the Optical Fiber 2, however does not de- 

35 crease to approximately same MFD at the adjacent end 
face of the Optical Fiber 1 , and the difference between 
MFD of the two fibers remains about 4 urn, unlike the 
case of the embodiment. As shown in Fig. 5B, as the 
MFD at the adjacent end face of the Optical Fiber 2 var- 

*o ies as time passes, the splicing loss decreases from 
about 1.3 dB to about 0.4 dB after 450 seconds, and 
thereafter, does not decrease any further. 
[0030] When the fusion-splicing step has been per- 
formed after enlarging MFD at the adjacent end face of 

4 * the Optical Fiber 2 whose MFD is smaller than that of 
Optical Fiber 1 , as disclosed in Japanese Patent Appli- 
cation Laid Open No. 04-118607, the MFDs of the two 
optical fibers do not become close to each other, thus 
resulting in failure to reduce the splicing loss, similar to 

50 the case as shown in Fig. 5A and Fig. B. 



Claims 



55 1. 



A method of connecting a first optical fiber having 
a first M FD and a second optical fiber having a sec- 
ond MFD smaller than the first MFD, by fusion splic- 
ing method, comprising: 
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a step of heating a portion including an adjacent 
end face of the first optical fiber so as to diffuse 
a dopant: and 

a step of connecting the first and the second 
optical fibers by fusion-splicing. s 

The method of connecting optical fibers by fusion 
splicing according to Claim 1 , further comprising a 
step of heating a portion including the fusion-spliced 
part between the first and the second optical fibers 10 
so as to diffuse the dopant contained therein. 

The method of connecting optical fibers by fusion 
splicing according to Claim 1 , wherein the MFD de- 
f ncd by Peiermann I at the adjacent end face of the *5 
t rst opiical liber is enlarged by at least 1 jam by heat- 
ing the portion including the adjacent end face 
ncrcof so as to diffuse the dopant during the heat- 
ing step before fusion splicing. 

20 

An optical transmission line, including a first optical 
fiber having a first MFD and a second optical fiber 
having a second MFD smaller than the first MFD, 
fabricated by a process comprising: 

25 

a step of heating a portion including an adjacent 
end face of the first optical fiber so as to diffuse 
a dopant; and 

a step of connecting the first and the second 
optical fibers by fusion-splicing. 30 

An optical transmission line, including a first optical 
fiber having a first MFD and a second optical fiber 
having a second MFD smaller than the first MFD, 
fabricated by a process comprising: 35 

a step of heating a portion including an adjacent 
end face of the first optical fiber so as to diffuse 
a dopant; 

a step of connecting the first and the second ^ 
optical fibers by fusion-splicing; and 
a step of heating a portion including the fusion- 
spliced part between the first and the second 
optical fibers so as to diffuse the dopant con- 
tained therein. 45 

The optical transmission line according to Claim 4, 
wherein the MFD defined by Petermann I at the fu- 
sion spliced part of the first and the second optical 
fibers becomes at least 1 p.m larger than those at so 
the other parts thereof. 

The optical transmission line according to Claim 5, 
wherein the MFD defined by Petermann I at the fu- 
sion-spliced part of the first and the second optical 55 
fibers becomes at least 1 u.m larger than those at 
the other parts thereof. 
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